Résumé. 2014 
et le cobalt peut devenir magnétique. Cet effet vient de la position du niveau de Fermi de ces composés dans une large décroissance de la densité d'états. La température de Curie, l'ordre de la transition, l'effet d'un champ magnétique externe sont étudiés de la même façon. D'autres conséquences sont tirées du modèle.
Abstract. 2014 The density of states of yttrium compounds YM2 (M = Fe, Co, Ni) is calculated within a tightbinding scheme. Using the Stoner model, conclusions are drawn about their magnetic and electronic properties. In YCo2, we show that one has to introduce paramagnon effects in order to explain the electronic properties. The additional d-f interaction introduced by rare-earth atoms (R) in RM2 is treated with a Hartree-Fock approximation. Little change is obtained in iron and nickel compounds. Conversely, in RCo2 compounds, the exchange field due to the rare-earth atoms can produce collective metamagnetism as described by Wohlfarth and Rhodes [1] and cobalt becomes magnetic. This effect stems from the position of the Fermi level of these compounds in a steep decrease of the density of states. Curie temperature, order of the transition and effect of an external magnetic field are studied following this method. Other consequences are drawn from the model. [6] , [7] and the cobalt magnetization is about 1 PB in the other compounds [8] .
These properties make the RM2 compounds particularly interesting for the study of the appearance of 3d magnetism. Magnetic transitions are generally of second order, except for DyCo2 [9] , HoCo2 [6] , and ErCo2 [10] Generally, one can neglect the s-d hybridization and the problem is reduced to the study of the single d band which can be described in a tight-binding approximation [15] . The density of states can then be computed from its moments [16] , [17] . This is the case of intermetallic compounds between yttrium and 3d transition metals. The problem is treated here in two steps : first, the calculation of the paramagnetic density of states is carried out self-consistently on the atomic levels within a Hartree-Fock approximation in order to take account of the charge transfer [18] . Then There is equivalence between all the crystallographic sites of the transition metals and of the rare-earths.
We have therefore to calculate the density of states for only two sites. The crystallographic parameter is quite constant all these compounds and is about 7.2 Á. Table 1 gives the type, the number and the distance of the neighbours of the différent types given by Herman and Skillman [19] in the configuration 3dn+ 14s1 for the transition metals. The 5d atomic levels increase little across the rare-earth series. Since this variation is very small ( N 10 %), we will neglect it in a first approximation and take for the values of the atomic level of every rare-earth that of yttrium : -0.4088 Ryd. We have to consider three types of hopping integrals depending on whether the two neighbouring sites are occupied by two M atoms, two R atoms or one M atom and one R atom. We use for the first, the values given by Desjonqueres [17] corrected by a d-5 law for the inter-atomic distance d. For the second, assuming the same band width for all the rare-earths ( [20] for example), we take the values deduced from the band calculations on hexagonal Gd [21] corrected in the same way. The mixed hopping integrals R-M are estimated, following Shiba [22] , as the geometrical averages of the parameters relative to the pure metals. Another proof is given by the thermal variation of the susceptibility in YC02 and LuCo2 [6] , [7] (Fig. 3) .
While the susceptibility at zero temperature is directly proportional to R = ) 1 -Un(EF) /-1, the coefficient of the T2 term seems to be proportional to R 2 as in the paramagnon theory and not to R as a classical Stoner theory would predict. De Gennes for the rare-earth metals [26] , [27] , [28] . We consider the compound as a periodic arrangement of 4f impurities (rare-earth atoms) embedded in the sea of conduction electrons formed by the 3d and 4s electrons of the transition métal, and the 5d and 6s electrons of the rare-earth. Because of the strong similarity of yttrium to the other rare-earths, the conduction band in these compounds is the same as in yttrium compounds (cf. § 2). Fig. la) . Neglecting the 5d magnetization of the rare-earth, the conditions (6) allow us to determine the variation of the magnetization MFe per atom of iron as a function of J , of the rare-earth for temperature and field equal to zero. This variation is represented in figure 4 . Taking r equal to 10-2 eV [11 ] , one notes that the iron moment changes little with alloyed rare-earth : it is 1.48 JlB in YFe2 and LuFe2, and reaches only 1.6 JlB in GdFe2. The value of saturation is never reached ; the RFe2 compounds exhibit weak ferromagnetism. These results agree with experiments on the RFe2 compounds [2] . Generally, the iron magnetization varies little with the magnetic field whether it results from the application of an extemal magnetic field, or from the molecular field created by the rare-earth atoms.
The RN'2 compounds have the same electronic structures as YN'2 (cf. Fig. 1 b) . The figure 5b . This corresponds to the collective electrons metamagnetism of Wohlfarth and Rhodes [1] . Here, the critical field is nearly 100 T. The cobalt is magnetic only if the exchange field created by the rare-earth is large enough. This is realized for any magnetic rare-earth and agrees quite well with experimental results [30] . 5 . Effect of température and order of the transition. (6)). We now study the effect of temperature on these compounds and deduce the order of the magnetic transitions. We then study the behaviour in magnetic field of the compounds which exhibit a first order transition.
5.1 RFe2 AND RNi2 COMPOUNDS. - The curve Mpe = f(BT) changes with temperature as shown in figure 6 (where MFe is the iron magnetization per atom). Without the crystalline field effects, the rareearth magnetization is GJMB per atom. The internal field BT seen by d electrons is due to the rare-earth moments and can be written in the molecular field approximation :
where ÀRFe is the molecular field coefficient.
The corresponding variation of the intemal field BT created by the rare-earth atoms as a function of the iron magnetization is also shown in figure 6 . At each temperature, the iron magnetization is given by the ordinate of the intersection of the two curves. The transition is second order and occurs when the two curves are tangent at the origin. Using the relation (6), the transition temperature is :
In our model, x is the paramagnetic susceptibility where C and 00 are respectively the Curie constant and temperature of YFe2 ((Jo = 542 K). In order to test the theory, we calculate from equations (8) and (9) the values of the Curie constant which permit a fit to the experimental ordering temperatures of different RFe2 compounds [31] . Table III shows that C does not change much and is close to the experimental Curie constant [32] of YFe2 (2 JlB KT-1 at -1).
For the RNi2 compounds, the magnetic transitions are always second order. The Curie temperatures are given by relation (8) where x is the YNi 2 susceptibility which is constant with temperature. Table III gives the theoretical values of the susceptibility x which fit the expérimental Curie temperatures of the RNi2 compounds [31] . We note that this susceptibility is close to the experimental value for YNi2 [3] , [4] (1.25 JlB T-1 at-1).
5.2 RC02 COMPOUNDS. 2013 We distinguish in this section the problem of RC02 with a heavy and with a light rare-earth. The first generally exhibit first order transition except particular cases (GdCo2, TbCo2), the second have always second order transition.
RC02 with a heavy rare-earth. -For RC02 with a heavy rare-earth, the magnetization curve (Fig. 5) becomes distorted with temperature. We assume in the following that the point (Berit' Mcrit) (Bcrit 100 T and Mcrit ~ 1 JlB) remains on the curve at each temperature. This hypothesis stems from the constancy of the cobalt magnetization and of the critical field for all these compounds. At each temperature, the cobalt magnetization is given by the ordinate of the intersection of this curve with the [31] . We give a different explanation than Bloch et al. [12] . As the Stoner criterion is nearly satisfied in YC02, the RC02 serie is very sensitive to small change in the density of states. The slight increase of the 5d atomic level across the rare-earth series [19] leads probably to values of n(EF) slightly larger in the first part of the serie. This is confirmed by the experimental decrease of the electronic specific heat y across the rare-earth serie [33] , [10] , [25] . This increase of n(EF) would permit the paramagnetic susceptibility to become larger than the critical value Xr,it and give a second order transition. Transition temperatures can be calculated from the relation (8) . Table VI gives the values of X(()c) corresponding to the experimental Curie temperatures [31] . We note that the values found are always larger than the critical value (Xcrit = 0.007 uBT-1 at-1) ; furthermore, the paramagnetic susceptibility effectively decreases across the rare-earth serie. 
